Background: A fast eating speed is reportedly associated with obesity, fatty liver, and metabolic syndrome. As a comparison of postprandial glucose levels after eating quickly or slowly has not been previously reported for Japanese patients with type 2 diabetes, we evaluated the impact of the fast or slow ingestion of an enteral formula (liquid meal) on glucose metabolism.
Introduction
Diet therapy is crucial for treating patients with type 2 diabetes and for preventing diabetes complications. Eating slowly is commonly recognized as being important, and eating quickly is reportedly associated with obesity, fatty liver, and metabolic syndrome [1] [2] [3] [4] [5] [6] . In a cross-sectional study, eating quickly was associated with the body mass index (BMI), but eating speed was not associated with the HbA1c level in Japanese patients with type 2 diabetes [7] . In another cross-sectional study, eating quickly was found to be a possible risk factor for the development of diabetes in Japanese subjects [8] . Requesting obese adolescents to eat more slowly for 12 months decreased the BMI, HOMA-IR, and plasma ghrelin levels and increased the peptide YY (PYY) levels [9] . Only one report, however, has directly evaluated the effects of eating speed on postprandial glucose levels and gut hormones [10] . Thus, in overweight or obese patients with type 2 diabetes, eating slowly did not change the postprandial glucose, insulin, PYY, glucagon-like peptide 1 (GLP-1), or ghrelin levels, but it was correlated with increased fullness and decreased hunger ratings, compared with eating quickly [10] .
However, since the postprandial glucose levels after eating quickly or slowly have not been previously compared in Japanese patients with type 2 diabetes, we evaluated the impact of quickly or slowly ingesting an enteral formula (a liquid meal) on glucose metabolism.
Materials and Methods
We conducted the present study with the approval of the Institutional Ethics Review Committee of the Yokohama City University Hospital; the UMIN Clinical Trial Registry number was 000017632. Informed consent was obtained from each subject before the start of the study. Ten Japanese patients with type 2 diabetes who had been hospitalized in our hospital were enrolled. The patients who had been treated with diet therapy or with oral hypoglycemic agents (except for DPP-4 inhibitors and alpha glucosidase inhibitors) were enrolled. This study was carried out under a stable glycemic condition in the patients, and the patients' medication prescription was not changed during the study. All the subjects received an enteral formula (Sanet-2.0 ® , 400 kcal; protein: 16 g; fat: 15 g; carbohydrate: 49.2 g) for breakfast. This trial was performed over a 2-day period in each subject (day 1: Sanet-2.0 ® was consumed over a 5-min period; day 2: Sanet-2.0 ® was consumed over a 20-minute period). For the study, the subjects were requested to fast for at least 12 h before eating breakfast. Blood samples were collected at 0, 30, 60, and 120 min after the start of breakfast. Hydrochloride was added to one blood sample from each subject to measure the active ghrelin level. One blood sample was withdrawn from the catheter directly into a BD P700 Blood Collection Tube (catalogue no. 366473; BD, Franklin Lakes, NJ, USA) containing a DPP-4 inhibitor to measure the plasma active GLP-1 levels. The plasma glucose and serum insulin levels were measured by Hokenkagaku Institute Inc. (Yokohama, Japan). Active ghrelin was measured using an ELISA kit (Sceti, Tokyo, Japan). Plasma active GLP-1 and GIP were measured using an ELISA kit (Immuno-biological Laboratories Co., Ltd, Fujioka, Japan, and Millipore Corporation, MA, USA, respectively). The serum total PYY level (PYY1-36 and PYY3-36) was measured using an EIA kit (Yanaihara Institute Inc., Shizuoka, Japan). Data were expressed as the mean ± SD. The areas under the curve (AUCs) from just before the meal until 120 min after the start of the meal were calculated using the trapezoid method. The analyses for the time courses and the AUCs were performed using a paired t-test. The statistical analyses were conducted using Ekuserutoukei 2012 software (Social Survey Research Information Co., Ltd, Tokyo, Japan).
Results
Ten patients (seven men and three women) with a mean age of 57.4 ± 15.1, a mean body height of 164.9 ± 7.8 cm, a body weight of 70.6 ± 17.3 kg, a BMI of 25.6 ± 4.4 kg/m 2 , and a mean HbA1c of 10.2 ± 1.9% were enrolled in the present study. The duration of diabetes was 7 ± 8 years. One patient had been treated with dietary therapy alone (drug-naive), four patients had been treated with sulphonylurea alone, three patients had been treated with metformin alone, and two patients had been treated with sulphonylurea and metformin.
As shown in Figure 1A , no significant difference in the time course for the plasma glucose level was seen between the consumption of the enteral formula over a 5-min period (5-min group) and over a 20-min period (20-min group). Consequently, no significant difference in the AUCs for plasma glucose was seen between the 5-min and the 20-min groups ( Fig. 2A) . Similarly, no significant differences were seen in the time courses for the serum insulin, plasma active GLP-1, total GIP, and total PYY levels between the 5-min and the 20-min groups (Fig. 1B, D, E, F) . Therefore, no significant differences in the AUCs for serum insulin, plasma active GLP-1, total GIP, or total PYY were observed between the 5-min and the 20-min groups (Fig. 2B, D, E, F) . As for the time course for plasma ghrelin, its level at 60 min after the consumption of the enteral formula was significantly higher in the 5-min group than in the 20 min-group; however, no significant differences in the plasma ghrelin levels at 0, 30, and 120 min were seen between the two groups. Consequently, no significant difference in the AUC for plasma ghrelin was seen between the two groups ( Figs. 1C and 2C ).
Discussion
The most important finding of our study was that the AUCs for plasma glucose, serum insulin, plasma active ghrelin, GLP-1, plasma total GIP, and serum total PYY did not differ significantly between the 5-min and the 20-min groups. As GLP-1 and PYY are known to decrease appetite and ghrelin is known to increase appetite, we measured these hormones, including the total GIP; however, no distinct changes were observed after the ingestion of a single liquid meal [11] [12] [13] . These results were in accordance with a previous report [10] .
The ingestion speed of a single liquid meal did not influence the postprandial glucose level in patients with type 2 diabetes. Eating quickly is associated with obesity [1] [2] [3] [4] . Eating slowly has been reported to increase fullness and to decrease the hunger rating, leading to a decreased energy intake [10, 14] . Indeed, the eating speed was associated with the onset of diabetes over a 7-year study period, but the association between eating speed and the onset of diabetes was not significant after adjustment for the BMI [15] . Therefore, eating quickly per se does not affect postprandial glucose excursions, but the increased energy intake resulting from eating quickly may increase the body weight and increase insulin resistance.
In healthy subjects, the AUC for the plasma glucose level after the ingestion of hydrolyzed starch over a 1-min period was smaller than that over a 10-min period [16] . In healthy subjects, the ingestion of a single meal slowly (22 min) resulted in a significant increase in blood glucose and ghrelin levels, compared with a normal pace of eating (10 min) [17] . As no significant differences in the postprandial glucose level according to ingestion speed were observed in healthy subjects (preliminary data not shown), further examinations in healthy subjects are needed.
In Japan, calculations of the daily energy intake are commonly performed as part of diet therapy for patients with diabetes. The postprandial glucose level did not differ after the ingestion of a single enteral formula either quickly or slowly. However, obese patients with type 2 diabetes should be advised not to increase their energy intakes by eating quickly in their daily lives.
The present study had several limitations. The number of patients was relatively small, and this investigation examined the results after the ingestion of only a single enteral formula. As it is difficult to change an individual's normal eating speed, patients were instructed to consume the enteral formula over a defined period of time. Therefore, a larger-scale study in which the patients are instructed to eat a normal diet, rather than a liquid meal, either slowly or quickly for a longer time period is needed in the future.
Conclusions
The postprandial plasma glucose, serum insulin, plasma active ghrelin, GLP-1, total GIP, and serum total PYY levels were not significantly changed by the intake of a single enteral formula 
